The paper examines the Czech crown money market in terms of products and volumes traded. The interest rate time series for the last 10 years are surveyed, and a parsimonious model is used to investigate to what extent the marketplace serves as the starting point for pricing customer cash products. Although satisfactory longterm relationships are observed, market disruptions are breaking up the assumed coherence. Special attention has to be paid to the decoupling of official fixing rates (PRIBOR) and real market rates in the current low interest rate environment.
Introduction
The selection of the proper yield curve and the accurate interest rate for pricing financial products has become a challenge since the onset of the global financial crisis in summer 2007. A multiple-curve framework has developed, with interest rates formed by a set of basis adjustments and risk premiums. Yet the money market remains the marketplace where interest rates originate. Special attention has to be paid to the creation of the official fixing rates as the starting point for further yield curve construction and as the basis for setting the interest rate in customer products.
The composition of this paper is organized as follows. Section 2 reviews the Czech crown money market in terms of the products and volumes traded. Section 3 examines the pass-through mechanism from the main policy rate to the market and onwards into the rates quoted to the bank customers. Section 4 summarizes and presents concluding remarks.
Interbank market
In this section we will focus on the basic interest rate products traded on the Czech money market. Cash products are represented by T-Bills, deposits 2 , repos, FX swaps and cross currency interest rate swaps (with exchange of notionals), while the derivatives are represented by forward rate agreements (FRA) and interest rate swaps (IRS, including overnight index swaps -OIS). We will omit government securities from our analysis as (i) this product represents a single borrower (and therefore a specific credit and term risk premium), while the other investigated interest rates are a product of the market forces forming the price for a nonspecified borrower among the banks' participants; and (ii) a bank willing to raise funds on the market by selling a government security can do so only if it has some in its portfolio, i.e. such fund raising is not unrestricted.
Market for deposits
The Czech National Bank (CNB) carries out regular surveys of the activity on the Czech interest rate market. Active residential banks are asked to provide their average daily turnovers for specified products and maturities traded with other banking counterparties (resident and non-resident -trades with the CNB are excluded). This survey is carried out four times a year now and the duration of the surveyed period is one week.
We have grouped the data into two main categories -(i) trades with maturity of up to 1 week inclusive and (ii) trades longer than 1 week. It is obvious at first sight that there is very little activity above the 1-week horizon. If we look at more granular data 3 , we can see that on average 84 % of the market volume is done on the O/N market, and 97 % of the market volume is traded in the time bucket covering maturities from 1 day to 1 week inclusive. We guess that there is a minimal number of trades done with maturity above the 1 day period, as the 1W bucket also covers other types of 1 day maturities, T/N and S/N. The greatest part of the remaining trades above the 1-week horizon consists of trades done with non-resident banks, which we assume to be trades with the bank customers of the resident banks (i.e. trades with settlement through the loro account). The statistics before 2007 show data grouped only into 2 main categories -trades with maturity up to 3 months (inclusive) and trades above this period. We could see that even before the global financial crisis, the ratio of the longer dated trades was very low (around 2 % of total volumes), however this share dropped even further after the market turmoil and it reached zero for 7 out of the last 10 observations (July 2013 -October 2015 .
The overview demonstrates what the market practitioners would certainly confirm: there is no real deposit market for CZK. The only exception is the shortest end of the yield curve, where the market participants meet to manage their instantaneous liquidity needs. The price levels in the form of officially fixed market yields (PRIBOR) are in no way affiliated to the real market. These figures are, rather, guesses of the contributing banks based on their feelings -what the market could look like if there were one.
Foreign exchange swaps
Despite its name, an FX swap is a typical interest rate product. In an FX swap we receive a certain amount of one currency for a certain period and at the same time we place a certain amount of the other currency for the same period. Thus FX swaps can also be perceived as a combination of a deposit (in currency 1) and a loan (in currency 2). The price of the FX swap (called swap points) is a product of the interest rate differential between the currencies involved.
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The most common use of an FX swap can be summarized as follows:  hedging the interest rate exposure and liquidity management,  speculation on the interest rate development  arbitraging between other money market products (e.g. deposit, OIS, short term FRA and IRS),  calculating the FX forward price (this consists of the FX spot rate and FX swap points). After this concise specification of the product, we shall have a deeper look at the situation on the Czech market. Like the surveys presented in the previous chapter, the CNB also collects data about the volumes traded in this product by active residential banks. In the CNB's overview the volumes done in FX swaps and FX forwards are shown as a single number, which is not a hiccup, as the materiality of the interest rate part of an FX forward perfectly matches the materiality of an FX swap. Unfortunately, there is no division into different maturity buckets in these overviews.
The basic indication of the maturity division of this product can be obtained from another survey carried out by the CNB on behalf of the BIS (Bank for International Settlements in Basel). This one is carried out every 3 years and covers trading activity for the FX and derivatives market in a chosen reporting month (typically April). With regard to FX swap trading we can see that again it is the shortest end of the yield curve which attracts the majority of the market activity. However, the time bucket covering maturities from 1 week to 1 year absorbs on average no less than 22 % of the total volume. 5 4 In reality there is also a small FX risk connected to FX swap pricing. It arises from the fact that the notional of one currency (base currency) is fixed for both value dates (spot and forward), and the full interest rate differential is applied only to the notional of the second currency. This creates a residual FX position called an FX tail. However, it can be effectively hedged by the swap counterparts. 5 In the BIS surveys the volumes against banking counterparties and against customers are mixed together, so we apply a simplifying conjecture that the division into maturity buckets is similar for both the customer and the interbank trades.
Fig. 2: FX swap market in CZK mil. (average daily turnovers)
Source: CNB, authorial calculation.
Fig. 3: FX swap market: percentage of trades over 1W and 1Y
Source: BIS, authorial calculation.
Although the volumes traded on the deposit and FX swap market are fairly comparable, it seems to be apparent that it is only the FX swap market which also attracts activity in the longer-term maturities. The market practitioners can confirm that we are stating the obvious. FX swap remains the source of CZK cash liquidity for all kind of longer dated trades. However, compared with the situation before the global financial crisis, the liquidity has substantially diminished.
Still, the CZK interest rates quoted through FX swaps are achievable and tradable.
To what extent the rates are comparable with the artificially quoted deposit yields will be examined later in section 3.
Repos and derivatives
The CNB is using the two-week (2W) repo tender as its main monetary policy instrument. Although these repo tenders are heavily used by local banks, and therefore this instrument is well known to the market participants, the interbank repo market is not developed. According to CNB surveys, the volumes traded on the Czech interbank market are negligible (typically less than 1 % of the deposit volume).
Forward rate agreements (FRA) used to be a popular basic derivative traded on the Czech market. However, the volumes shown in the surveys in recent years often drop to zero. We think there are two main reasons behind this low activity:  the low and stable interest rate environment, which does not encourage hedging and trading activities (speculations),  few opportunities to arbitrage between the derivative and cash market. On the other hand, the market in interest rate swaps (IRS) seems to have been stable throughout the recent challenging years. The typical daily volume is between 2 and 3 billion CZK, while the most common maturity lies between 2 and 10 years. This product is used by the banks to hedge their interest rate exposure arising mainly from their activities with the bank customers.
Interest rates transmission
In this section we will examine the conjunctions between the interest rates quoted on the interbank market and the interest rates provided by banks to their retail customers. The pricing relationship between those two markets is regularly investigated by researchers with the aim of identifying to what extent the wholesale rates pass through to the retail ones.
Another channel of interest rate transmission, which it is crucial to investigate, especially from the monetary policy perspective, is the pass-through of the central bank's policy interest rate into the retail lending and deposit rates of commercial banks. The ordinary perception of interest rate transmission sees the marketplace as the central point in the process. Firstly, the policy rate is supposed to be transformed into the yield curve by the wholesale market participants, who then use the curve information as the main source for assessing their cost of funding. As will be demonstrated later, the mechanism is not working so plainly any more. The onset of the financial crisis resulted in the break-up of those pass-through relationships. While the short end of the interest rate yield curve still seems to be tightly connected with the main policy rate(s), the longer end is mainly driven by newly established credit and term risk premiums. Secondly, the disappearing liquidity from the interbank market is preventing the commercial banks from using the marketplace as the source for their interest rate pricing. 6 The markets have faced a lot of challenges during the last 10 years -the housing bubble, credit crisis, public debt crises, deflation and currency wars. All these factors have great implications for forming the market rates and, concurrently, the rates quoted to the bank customers. To have a fundamental view of the relationship on the Czech market, we will now develop a parsimonious model, which will help us to assess the basic conjunctions.
Data
As our main focus remains on the money market, we have chosen the 3M interest rate as the interbank base rate. In the first section it was demonstrated how illiquid the Czech deposit market is, so apart from the official product of the market, the 3M PRIBOR, we will calculate also an implied CZK FX swap yield using the standard swap rate formula:
where SwapPips is price of the 3M EURCZK FX swap; Spot is actual EURCZK spot rate; r CZK means CZK interest rate p.a. in decimals; r EUR means EUR interest rate p.a. in decimals; t is used for number of days and B V /B B expresses basis of the variable/base currency.
By using the ask swap price and EURIBOR as the reference EUR yield, the calculated implied CZK yield should materially be a good gauge of the market CZK yield and comparable with the deposit market yield.
To assess the monetary policy pass-through, we will use the main policy rate of the Czech central bank (2W repo rate) as the autonomous factor, while CZEONIA 7 , 3M PRIBOR and an implied 3M swap yield will be the dependent variables.
The more problematic part is to gather quality data showing the interest rates applied on the customer deposits and loans. Ideally, the maturity of the customer's contract should be in line with the maturity of the interbank one. Unfortunately, the standardized monetary statistics are not that granular.
From the data available we have selected loans based on the floating interest rate and interest rate fixed for a maximum of 1 year. The loans are provided in CZK to non-financial corporate customers by Czech banks according to the host country principal (i.e. the reporting institutions are Czech residents). The loans are further split into 3 categories according to the notional amount of each loan. Assuming that the pricing conditions of the largest loans will be most aligned with the market, the category with the highest loan amounts (i.e. exceeding 30 billion CZK) has been chosen.
On the retail deposit side, we will examine the interest rate applied on the current accounts and term deposits with contractual maturity up to 1 year. Both are related to non-financial corporate clients.
Data was collected for a full 10 year period starting in Jan 2006 and ending in December 2015 (incl.). Each observation is equal to 1 calendar month and the observed rates are expressed as monthly averages.
Model
Usually the initial visual assessment of the time series already indicates, how tight the relationship between the rates investigated is. According to Rousseas (1985) , the lending rates of banks are the total of the cost of funds and an interest rate spread, which is called a mark-up or margin. This spread varies as time goes on. While Rousseas (1985) examines the relationship between the Federal Funds rate and banks' prime rates to assess the development of the mark-up, we will generalize his approach to any series of two related interest rates with the assumption that one of them is serving as a base (or reference rate) to originate the other (in the form of the reference rate plus the spread).
Based on these assumptions, we can describe the relationship between two interest rates using a parsimonious regression equation:
where r D is derived (dependent) rate; r R means reference rate; α, β are regression coefficients and ε is used for residual disturbance.
By imagining homogenous pricing across the banks (the same margin for all customers constant over the period of time), the solution of the equation would result in α equal to the constant margin and β equal to 1, which means the passthrough of the reference rate is perfect.
Pass-through of the policy rate
As a first step we will investigate the linkage between the main policy rate and the market. 9 Our focus remains on the short end of the curve, so the market rates will be represented by O/N and 3M rates (Fig. 4) . By solving the equation (2) by the OLS regression method we receive the coefficients α and β presented in Tab. 1.
Fig. 4: Development of the 2W repo rate and the market rates (% p.a.)
Source: Thomson Reuters, CNB, authorial calculation. 8 The pass-through relationship is usually analyzed by an advanced equation of an error correction model. However, in our data set the precondition for such a model, the cointegration of both time series is not fulfilled for all the examined series (especially in the case of the lending rates). For the sake of consistency and simplicity we will use the same model for all our calculations. When appropriate, the short term effects will be checked by splitting the time series into shorter periods of time. 9 For advanced research on the repo and PRIBOR relationship refer to Brada and Brůna (2004) and Mandel and Tomšík (2014 The 2W repo rate pass-through into the O/N rate CZEONIA and 3M PRIBOR seems to be perfect with β equal to 0.97 and 1 respectively. Both coefficients passed the reliability test (rejecting the null hypothesis of a zero coefficient at 5 % confidence level) and according to the R-squared statistic the model is satisfactorily explanatory. The pass-through into the 3M swap yield seems to work long-term. However, there are periods of time, which contribute to the worse model statistics. Increased tension and uncertainty made the 3M swap yield rise over 3M PRIBOR during 2008, peaking in October 2008, when the average monthly difference reached 100 bps. Since mid-2012 the permanent deviation of the swap yield from the PRIBOR rate has begun. In 2012 the Czech central bank delivered 3 rate cuts of its main 2W repo rate (from 0.75 % to current 0.05 %), which were almost fully reflected in the decrease of 3M PRIBOR. However, the market swap yield dropped by an additional 0.20 %. With the start of the central bank's FX intervention regime in autumn 2013, the market, flooded with tremendous crown liquidity, pushed the swap yield below zero for the first time in its history. The interventions resumed in the middle of 2015 and the fresh liquidity pushed the yield far more into negative territory.
Having confirmed satisfactory pass-through channels between the policy rate and market rates, we will now examine if the relationships also work in the next phase, which is the pass-through of market rates into the lending and deposit (funding) rates quoted to the bank customers.
Rates on customer deposits
With a less developed capital market, deposits remain the primary source of funding for the Czech banking sector. Fig. 5 captures the development of the short term funding rates the banks have experienced in the last 10 years. Funding costs based on customer deposits are represented by the development of interest rates applied to customers' current accounts (CA) and rates applied to customer deposits with maturity of up to 1 year. The possible interbank funding is represented by CZEONIA, 3M PRIBOR and implied 3M swap yield. Tab. 2 and 3 summarize the observed pass-through relationship between those two funding sources. In other words, it explains whether the market rates serve as a reference rate for setting the rates to the bank customers. At first glance it is obvious that the current account rates are not closely tied up with the market ones. As expected, CZEONIA is the market rate with the closest relationship to the current account yields. However, it is evident that the customer rate is not usually constructed as a fixed mark-up over CZEONIA. Banks exploit the higher market rates to increase their margins over O/N rates, and once the O/N rates start to fall, the decrease in current account rates is much less progressive. Since the middle of 2012 banks have paid even more than CZEONIA for retaining the demand deposits in house. The reason is clear -banks use this cash as funding even for their long-term lending. Internal deposit modelling allows that.
CZEONIA is also the most explanatory rate in pricing the longer-term customer deposits with maturities of up to 1 year. Negative α in the case of 3M PRIBOR signals that the construction of these rates is, rather, the reference rate minus a margin (which makes sense once PRIBOR is an offer rate), but again, for the last 3 years there have been some months in which the rate on customers' accounts surpassed the PRIBOR. There is not much room left for the banks to reduce the deposit rates further. The banks cannot follow the recent drop of the real market rates (swap rates) below zero, if they do not want to lose this source of funding.
Lending rates
The interest rate channel and bank lending channel are considered to be crucial parts of the monetary transmission mechanism. We have already confirmed that the central bank is able to control the market interest rates to a great extent. To have the transmission completed successfully, we need the market rates to behave as the determinant of the customers' borrowing costs.
We have separately assessed the pass-through of the 3M PRIBOR and 3M swap rate into the bank lending rates (as defined in chapter 3.1), first for the whole period 2006-2015 and then also for time periods separated into 5 blocks, each consisting of 24 monthly observations (2 full calendar years). The time series development and the results of the model are summarized in Fig. 6 and Tab. 4. Even through the β coefficients received for the full period 2006-2015 (0.77 and 0.65 respectively) indicate an imperfect pass-through, they seem to be a good guess of the market to lending rates relationship. 10 We received even more reliable results for the first 2 year block (2006) (2007) . Apparently, the working interbank markets served as a good background for setting the lending rates to bank customers. Quite surprisingly, the following 2 year period also shows a rather tight relationship, even though it was the time of the culminating financial crisis. Due to the subsequent sovereign debt crisis (2010-2011) the pass-through relationship broke down. The credit margins were rising even though the markets were receiving large stimuli from the central banks around the world.
Tab. 4: Pass-through of the market rates into the lending rates
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While the situation in 2012-2013 seems to be stabilizing according to the model statistics and their reliability, the introduction of ultra-low interest rates distorted the pass-through relationship to such an extent that for the years 2014-2015 the model is not able to explain much. While the 3M PRIBOR was descending slightly from levels around 0.40 % to 0.30 %, the lending rates kept their volatility and moved in the corridor between 1.60 % and 2.30 %. Part of that volatility must certainly be attributed to the fact that the average rate of the portfolio of newly drawn loans can be biased by an extraordinarily large loan with an extraordinary margin. If we were able to filter out these untypical drawings, the development of the lending rate would probably follow the pattern of PRIBOR further.
Like the previous results concerning the pass-through of the 3M swap rate, its changes are much less explanatory, especially since the introduction of the nearzero rate policy.
Conclusion
Notwithstanding the market turbulences, low liquidity and uncommon economic environment, the Czech crown money market has still proved to be a reliable source of market prices during the last ten years. The transmission of the main monetary policy rate into the short-term market rates is more than satisfactory. The subsequent pass-through into the customer lending and borrowing rates seems to work in the long-term. However, in the periods of extraordinary market disruptions, the relationship breaks up, particularly in the case of lending rates.
The current environment of ultra-low interest rates is clearly a disruptive factor for the interest rate pass-through. The lowering of the customer deposit rates is limited if the banks do not want to lose that source of funding. The exchange rate intervention regime introduced by the Czech central bank has pushed the market interest rates into negative territory. This move was not fully followed up by the official fixing of the market rate, the PRIBOR. It seems the banks are, rather, quoting the PRIBOR according to their main source of funding (customer deposits) and according to the shortest traded period (O/N), which holds above zero due to the fact that local banks can exploit the deposit facility with the Czech central bank.
The situation for loan customers can get tricky in such a situation, because their PRIBOR based long-term loans do not get cheaper even though the real market rates (quoted through FX swaps) are much lower. Yet there is a systematic risk for the banks too -if they reduced their lending margin over the PRIBOR, relying on the market buffer, and the PRIBOR realigned with the real market, part of that margin (if not the whole) would be lost. However, as the PRIBOR is a tool in the hands of the banks, customers seem to get the shorter end of the stick in the deal.
